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ABSTRACT 
Small scale  surface  divergence  in  the  vicinity of a severe  thunderstorm  and  an  assumed  distribution of 

divergence with  height  are used with  the  mass-continuity  relationship to yield  vertical  relocity. In the  case 
studied a maximum  updraft of 218 ft.  sec." and a  maximum  downdraft of 143 ft.  see.? are compnted. 

1. INTRODUCTION 
The  Thunderstorm  Project [I] llns measured  the  mag- 

nitude of vertical  motions  in  thnnderstorms  by  growth of 
radar echoes and by displacen1ent of aircraft  in flight,. 
Updraft ve1ocit)ies as  great as S j  ft. sec.-l and  donndraft 
velocities as  great  as 79 ft. sec.-l were evaluated. How- 
ever, the  storms  sampled by the  Thunclerstorm  Project 
\Tere generally not. severe,l and  the  magnitude of draft 
velocities in severe thunderstorms  must be estimated  in- 
directly. 

Vertical  motion, inclucling c h f t  velocities, can be  com- 
puted by the  mass-continuity  relationship,  using  suitable 
values  of horizontal velocity dirergence  integrated 
through a column. I n  order  to  obtain  realistic  17al~es of 
t,he vert,ical motions  in  thunderstorms, however, the  di- 
T-ergence must be  computed for  an  area vThose size is simi- 
lar  to  that covered  by the  thunderstorm  itself.  Surface 
divergence on this scale can be computed  from  micro- 
networks of stations, such as used by the U.S. Weather 
Bureau's Thunderstorm  Project  and  Cloud  Physics  Proj- 
ect. However, the  lack of micro-scale wind  observations 
aloft  prohibits  any  computation of small-scale divergence 
above the  surface,  and some assumed distribution of di- 
vergence with  height  is  required in order  to  estimate  the 
draft T-elocities. 

The case to be presented  occurred  over  the  surface 
micro-network of the IT. S. Weather  Bureau's Clo~ld Phys- 
ics Project,  Wilmington,  Ohio, 011 March 19, 1948. The 
squa.11-line thunderstorms were 1oc:dly severe with  surface 
wind speeds in excess of 78 n1.p.h. (limit of the mind  speed 
recorders),  and  damage occurred to  a  number of farm- 
steads in  the  path of the stornls. h description of some 
of the  features of t,llis case has been reported  in a pre- 
vious paper [2]. A micro-scale synoptic  chart,  showing 
the position of the  squall  line  and  a  micro-Low a t  1400 

? T h e  U.S. Weather  Bureau defines  a  severe  thunderstorm as, one in 
which surface  wind  gusts of 75 m.p.h. or  greater,  surface  hail 3/a inch  in 
diameter or  greater,  extreme  turbulence,  and/or  tornadoes  occur. 

E m ,  is shown in figure. 1. It,  is  felt  that  this storm was 
of considerably  greater  severity  than  any sampled by the 
Thunderstorm  Project  aircraft,.  Estimates of the  draft 
rrlocit,ies  should,  therefore, be  of interest. 

2. ASSUMPTIONS 

The theoret,icaI  estimates  made in  this  study  are based 
on the  assumptions  that : 

(1) Divergence at  the  surface  is compensated by di- 
r-ergence of the  opposite  sign aloft,. Compensation  due  to 
surface  pressure  changes  is  assumed  to  be  negligibly small. 

(2) Mass  divergence at  the 12-km. level is of equal 
magnitude  and opposike sign  to  that  at  the surface. The 
choice of the 12-km. level is somewhat  arbitrary. It was 
chosen since  12 knl. is  a level a t  which t,he top of the  thun- 
derstorm  might be found. 

(3)  The  distribution of mass divergence from  the sur- 
face  to  the 12-krn. level conforms  to  a cosine curve in  the 
interval 0 to P, i.e. : 

(Div2pV),= (DjvZpV)O cos G) (1) 

where Div, is the  horizolltal  divergence  operator, p is den- 
sity, z is height,, V is  wind velocity, sub'script z designates 
a value at  any  height a (0 L z L 12  km.) , and  subscript 
0 at  the surface.  The choice of this  distribution is some- 
what a r b i h r y ,  too. A similar  assumption was made by 
Reebe and  Bates [3], dt,hough a  lower  height  was used, 
;tnd velocity divergence rather  than mass divergence was 
considered. 

(4) The  vertical  motion field depends completely  upon 
the  divergence field, regardless of the  conditions  that cause 
t,lle vertical motion. 

(5) I n  the  mass-continuity  equation,  the local change 
in  density with respect to  time  is  negligibly small. The 
mass-continuity  equation  then is : ' 
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FIGURE l.--;\licro-synoptic surfwe  chart  for 1400 EST, March l!), F~~~~~~~ ~,-~)irergeIlce  colIlputd froln the  wind field for 1400 EST, 
194s. Note the position of the  squall  line ancl micro-Low. March 19, 1948. The position of the  squall  line is shown as 

a 11ra1-y solid  line. Isolines of divergence are  labeled in  units 
of hr." Sote  the  intense  center of convergence  along the 
micro-ware of the  squall  line  and  the  intense  center of di- 
r e rge~~ce  \rest of the  squall line. 

- ~ -  r' ) 

where w is the  vertical  component of motion. 
Substituting from (I)  Sields: 

of the  standard  atmosphere. Values of the  surface 
velocity  divergence were computed for selected  grid 
position  dircct'ly from the  components u and o of the 

(6) The  advection of density at' t h e  surface ancl thc 
vertical motion at the  surface arc negligibly small. Thc 
integration of equat'ion (3) between  t>he  limits 0 arld ,z 

wind  field according  to  the  relationship : 

then yields 
where the  finite  intervals Ax and Ay were taken  as 2 miles. 
This is t,he  approximate  spacing of stations  on  the micro- 

(4) 1lt.t'work. 
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7, 11, and 12. 'I'hese two values were used in  the vertical 
velocity computations. 

4. DRAFT VELOCITIES 
Substituting  the  minimum  value of divergence, -32.0 

hr.-I, in  equation  (4)  yields values of upward  rertical mo- 
tion that  are shown graphically  in figure 3. Substituting 
the maximum  value of divergence, 21.0 hr.?, yields  values 
of downward  vertical  motion that  are shown graphically 
in figure 4. Maximum draft velocities occurred at  the 
8-km. level. Maximum updraft ITW 66.5 1n.p.s. (143 
m.p.11. or 218 ft. sec.-l).  Maxinlunl  downclraft \vas 43.7 
m.p.s. (98 n1.p.h. or 143 ft .  set.?). 

Computed drafts  for  this case are  up  to 2y2 times 
greater than  the maximuln updraft of 84 ft .  set.? and 
maximum downdraft of 79 ft. sec.-l evaluated by the 
Thunderstorm  Project [l]. The difference may be ac- 
counted for,  at least in  part, by  the  fact  that  thunder- 
storms of lesser severity 1Tel-e sampled  by  the  Thunder- 

12 

V E R T I C A L   V E L O C I T Y  (m.p.s.1 
FI(; \ ;J~I~  .+-vertical profile of downdraft velocities with height 

over a  point  located  between  stations 6, 7 ,  11, and 12 a t  1400 
EST, March 19,  19.25. 

storm  Project (e.g.,  maximum convergence computed by 
the  Thunderstorm  Project was -20.0 hr.-l, as compared 
to -332.0 hr.-I  computed for the  March 19, 1948 case) and 
the  probability that  the severest of these may not  have 
been sampled during  their  brief  periods of greatest sev- 
erity  (eg.,  in  the  March 19? 1948 case, the convergence of 
- 32.0 hr.? existed for only a few  minutes ; values 5 min- 
utes  before  and  after  this  maximum were -20.0 h.-l or 
less). Because of the  limitations  in  sampling by the 
Thunderstorm  Project,  the  computations above may be 
fairly representative of values in severe thunderstorms. 

Aside  from  this, some errors  undoubtedly  exist  in  the 
computations  just presented.  Most  serious,  probably, is 
the assumed distribution of divergence with height. It 
may be noted that a  lowering of the  height of the  upper 
divergence  level  would decrease draft velocities, while a 
raising of this  height would  increase  them. A departure 
of the distribmution from a cosine curve mould greatly  af- 
fect  the velocities, and could either increase or decrease 
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them. Because of assumptions ( 2 )  and (3)  the values ob- REFERENCES - . ,  
tained should be considered only as crude estimates. It is 
hoped that  future research  may be able to  ascertain 

\ ,  

1. 11. R. Users and R. It. Urahan~, !/‘kc I’hzmZerstorru, U.S. Weather 
Iinreau, Washington, D.C. 1949, 282 pp. (pp. 40, 53, 130). 

more the draft Occurring in Severe 2. I). T. mTillimlls. “A Surface  Micro-Study of Sanall-Line  Thunder- 
thunderstorms? 

a According to  a pilot  report at 19,lO CMT on  October  10,  1958, a U.S. 
Air Force  pilot  encountered  extreme  turbulence and heavy  hail over Water- 3 .  Robert Q. Herk and  Ferdinantl c‘. Hates, “A Mec.hanisn;nl for 
onds. This  updraft of 8,000 ft. min.-* or 133 ft .  sec:* is about 1 %  
town, N.Y. The  aircraft, a (2-47, went  from 6,000 to  10,000  feet in 30 sec- Assisting in the  Release of Conrectire  Instability,” A11110nth7~ 

percent of the  theoretical value computed above. 
times greater  than  any  encountered by the  Thunderstorm  Project  and is 61 TVcatlwr Rcriczc, rol. 83, Xo. 1, ,Jan. 1933, pp. 1-10, 

CORRECTION 

I Vol. 86, September 1958, p. 133: 111 t,hc caption  the time for figure 1B should re :d  “1200 
GMT, May 27, 1958.” 


